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Introduction {#sec007}
============

Childhood obesity is one of the most important problems in public health. In developed countries, it is considered the most prevalent noncontagious disease and nutritional and metabolic disorder \[[@pone.0144502.ref001]\]. Treatment and prevention of overweight and obesity in children is of fundamental importance because of the negative physical and psychological impact of these health conditions. Excess body fat in childhood overburdens the musculoskeletal and cardiorespiratory systems, causes psychosocial problems, and has been related to a large number of comorbidities \[[@pone.0144502.ref002]--[@pone.0144502.ref006]\]. In addition, this excess weight in childhood tends to persist into adulthood \[[@pone.0144502.ref007]\].

In recent years, interventions have been designed to address this epidemic, as evidenced in numerous meta-analyses and review articles \[[@pone.0144502.ref003],[@pone.0144502.ref005],[@pone.0144502.ref008]--[@pone.0144502.ref013]\]. These studies have shown that the interventions with the greatest impact are multidisciplinary, apply strategies to improve physical activity and dietary habits and in some cases also introduce behavioural or motivational strategies, and include family members, usually the children's parents \[[@pone.0144502.ref005],[@pone.0144502.ref010]\]. Nonetheless, very few interventions are successful and adherence is very low \[[@pone.0144502.ref008],[@pone.0144502.ref011]\]. In a review of studies analysing interventions based on treating childhood obesity, Ariza et.al. \[[@pone.0144502.ref008]\] observed that only 35.1% of interventions were effective in reducing body mass index (BMI) or adiposity. In health care settings, despite being where the problem is diagnosed and where many families are generally predisposed to cooperate in addressing this problem \[[@pone.0144502.ref014]--[@pone.0144502.ref016]\], the percentages of post-intervention improvement drop to 28.8% with respect to BMI or adiposity, 23.5% for changes in physical activity, and 22% in nutrition habits \[[@pone.0144502.ref008]\]. Therefore, it is of primary important to create efficient interventions for the treatment of childhood obesity. The primary aim of the present study was to evaluate the effectiveness in the primary health care setting of an intensive, family-based, multi-component, behavioural intervention (Nereu Program) compared to the usual counselling intervention, in terms of anthropometric parameters, physical activity and sedentary behaviours, and dietary intake.

Materials and Methods {#sec008}
=====================

Design {#sec009}
------

A randomized, controlled, multicentre clinical trial was designed for children diagnosed with overweight or obesity, randomly allocated to two study arms before recruitment. The Nereu Program (NP) group received an intensive, 8-month, family-based, multi-component behavioural intervention. Assessments were made before (September, 2012) and after the intervention period (June, 2013). The impact of the NP intervention was compared to that observed in the counselling group (CG), an 8-month intervention that provided usual advice on healthy eating and physical activity behaviours.

Participants {#sec010}
------------

The study included 89 children from Lleida aged 6 to 12 years who were overweight or obese according to the International Obesity Task Force (IOTF) criteria \[[@pone.0144502.ref017]\], engaged in low levels of activity (less than 2 hours per week of outside of school hours), and for whom complete data were available. Detailed descriptions of the recruitment approaches and ethical aspects of the clinical trial have been previously published \[[@pone.0144502.ref018]\]. All children were free of medical comorbidities, not using any medications that might affect weight loss or physiological responses to exertion, and had not been enrolled in any other obesity treatment interventions in the previous 6 months. All children and their parents or guardians gave written informed consent. The study protocol was approved by the Clinical Research Ethics Committee (CEIC) of the Primary Care Research Institute IDIAP-Jordi Gol (Registration number: P12/040) and was carried out according to the principles of the Declaration of Helsinki and subsequent revisions \[[@pone.0144502.ref019]\].

Randomization {#sec011}
-------------

Sixteen healthcare paediatrics units (HPU) agreed to participate in this study. Each HPU was responsible for the recruitment and selection of eligible participants. Randomization was centralized at the Primary Care Research Institute (IDIAP) Jordi Gol site in Lleida. Each cooperating healthcare paediatric unit was provided a sort list (using a computer-generated random number) of their eligible patients who met the inclusion criteria (age and BMIsd), according to the data contained in clinical records. These eligible children had been randomly assigned to one of the study arms, stratified by age group in each HPU ([Fig 1](#pone.0144502.g001){ref-type="fig"}).

![Flow Chart of Study Participants.](pone.0144502.g001){#pone.0144502.g001}

Sample size {#sec012}
-----------

The population of Lleida that met primary inclusion criteria according to our clinical records was 1464 subjects. The aim of the research team was to recruit 50 subjects per study group to achieve at least 100 total participants, estimating a 20% dropout rate. The primary outcome to be achieved by the calculation of sample size was intervention efficacy, defined as a post-intervention reduction in BMIsd scores in a meta-analysis of trials \[[@pone.0144502.ref020]\]. Accordingly, the sample size was calculated to detect a reduction in BMIsd scores of 1 point (effect size = 0.60), with 80.0% statistical power, and 5% significance level to detect differences between groups with two independent samples.

Methods {#sec013}
-------

A complete description is presented in the published study protocol \[[@pone.0144502.ref018]\]; the methods are summarized below.

Nereu Program {#sec014}
-------------

The NP is an intensive, 8-month, family-based multi-component, behavioural intervention in primary care settings, consisting of 4 components: (a) Supervised physical activity sessions for children, (b) Family theoretical and practical sessions for parents, (c) Behaviour strategy sessions for both children and parents, and (d) Weekend activities.

a.  Supervised physical activity sessions for children. The program offered 90 one-hour sessions (3 per week). The aim was to enhance a physical activity behaviour, enjoy it during physical activity sessions, and learn healthy behavioural habits. The information content of the sessions was the same as their parents' sessions (b).

b.  Family theoretical and practical sessions for parents. The 21 theoretical and practical group counselling sessions took place just once a week (60 minutes each) at the same time as the children's sessions, giving the family the opportunity to exchange experiences and establish shared commitments later at home.

c.  Behaviour strategy sessions for both (children and parents). Three behaviour strategy sessions were designed to reinforce the acquisition of healthier physical activity and eating habits within the family.

d.  Weekend activities. Extra family activities (e.g. a ski or water-park party) were organized on 3 weekends, in order to encourage and experience this more active behaviour.

Counselling group {#sec015}
-----------------

Eight monthly, 10-minute, structured, family meetings were scheduled with the child's paediatrics unit. The content of these family sessions was the same as the Nereu Program intervention. Paediatricians were instructed and received all the material for the intervention in advance. The aim was to enhance a physical activity behaviour and learn healthy behavioural habits, in addition to the usual treatment.

Measurements {#sec016}
------------

All the measurements and questionnaires were administered by the same expert interviewers, who were blinded to the allocated study group in both sessions (baseline and at the end of the intervention).

Anthropometry {#sec017}
-------------

Height, BMI, waist circumference (WC), and waist-to-height ratio (WHtR) were measured following standard procedures. The BMI standard deviation (BMIsd) was determined according to the LMS method for constructing normalized growth standards \[[@pone.0144502.ref021]\]. Pubertal stage was evaluated by each participant's paediatrician according to the Tanner classification criteria \[[@pone.0144502.ref022]\].

Objective measurement of physical activity and sedentary time {#sec018}
-------------------------------------------------------------

Physical activity and sedentary time were assessed objectively by measurement of free-living movement during awake hours using the ActiGraph GT3X+ accelerometer (ActiGraph LLC, Pensacola, FL, USA) for 8 consecutive days.

Data from accelerometers were analysed using ActiLife 6.0 software (ActiGraph, Pensacola, FL, USA) to determine time spent at different levels of sedentary/activity behaviour. The cut-offs for categorizing the intensity of physical activity were based on trade-offs from validation studies of accelerometer measures \[[@pone.0144502.ref023],[@pone.0144502.ref024]\] and defined as follows: sedentary behaviour (SED), less than 100 counts per minute (cpm); light physical activity (LPA), 100 to 2295 cpm; and moderate and vigorous physical activity (MVPA), 2296 to 3999 cpm (3--6 METS).

Dietary Intake {#sec019}
--------------

Dietary intake was assessed using the Food Frequency Questionnaire (FFQ) \[[@pone.0144502.ref025]\], a quick, easy, and inexpensive method of quantifying food consumption habits. This method has already been used in longitudinal nutritional studies in children \[[@pone.0144502.ref026],[@pone.0144502.ref027]\] and to assess eating patterns in children \[[@pone.0144502.ref028]\]. The questionnaire has been applied in longitudinal studies of different age groups \[[@pone.0144502.ref029]\].

The present study analysed the primary food groups, based on the FFQ and main nutritional characteristics that were addressed during the intervention: fruits, processed meats, superfluous foods, and soft drinks. The fruits group includes all fruits, which have high levels of antioxidants, fibre, and vitamins, especially A and C complex. The processed meats group includes hamburgers, sausages, pork, and bacon, all of which contain fatty acids (with a high percentage of saturated fats), cholesterol, and very few micronutrients such as vitamins and minerals \[[@pone.0144502.ref030]\]. The "superfluous" group consists of cookies, industrially produced pastries, dairy-based desserts (e.g., ice cream) and French fries, characterized by a high level of lipid content and/or simple sugars. This high calorie density is unnecessary because it does not contribute major quantities of vitamins and minerals \[[@pone.0144502.ref031]\]. The final FFQ group, carbonated beverages and industrially produced juice drinks, has high simple sugars content and a notable absence of nutrients \[[@pone.0144502.ref032]\]. Responses obtained from the FFQ were extrapolated to recommended daily frequencies from the Catalan government's Public Health Agency \[[@pone.0144502.ref033]\].

Data analysis {#sec020}
-------------

Intent-to-treat (ITT) analysis was performed for all recruited participants who completed the basal evaluation (n = 113), independently of whether or not they completed the entire protocol and could be included in further analysis (n = 89). The intent-to-treat analysis was carried out as follows: missing values were replaced by the scale scores of the previous assessment (the last observation carried forward \[LOCF\]) to assure no increase. The initial analysis evaluated the homogeneity of basal characteristics between the study groups using the two-tailed Student *t* test for independent samples for quantitative variables and chi-square for nominal variables ([Table 1](#pone.0144502.t001){ref-type="table"}); quantitative parameters were expressed using the number of valid values (n), the mean and standard deviation (sd) and qualitative parameters using relative frequency (n) and percentages (%).

10.1371/journal.pone.0144502.t001

###### Baseline Measurements of the Nereu Program (NP) and Counselling Group (CG).

![](pone.0144502.t001){#pone.0144502.t001g}

  Basal Parameters                                                                 Nereu Program (n = 54)             Counselling (n = 59)            
  --------------------------------------------------------------------------- ---- ------------------------ --------- ---------------------- -------- ---------
  **Anthropometric measurements**                                                                                                                     
  **Height (cm)**                                                             54   143.05                   (10.25)   59                     142.42   (12.77)
  **Weight (kg)**                                                             54   52.54                    (13.29)   59                     50.83    (12.64)
  **BMI (kg/m** ^**2**^ **)**                                                 54   25.22                    (3.35)    59                     24.65    (3.18)
  **BMIsd** [^a^](#t001fn003){ref-type="table-fn"}                            54   2.47                     (0.51)    59                     2.42     (0.55)
  **WHtR (unit)**                                                             53   0.60                     (0.05)    59                     0.58     (0.05)
  **WC (cm)**                                                                 53   85.87                    (10.68)   59                     83.13    (9.68)
  **Active and sedentary behaviour** [^b^](#t001fn004){ref-type="table-fn"}                                                                           
  **SED (% awake time/day)** [^b^](#t001fn004){ref-type="table-fn"}           53   35.97                    (16.28)   55                     34.23    (14.86)
  **LPA (% awake time/day)** [^b^](#t001fn004){ref-type="table-fn"}           53   50.87                    (11.84)   55                     51.64    (10.31)
  **MVPA (% awake time/day)** [^b^](#t001fn004){ref-type="table-fn"}          53   13.17                    (6.24)    55                     14.13    (6.58)
  **Eating habits**                                                                                                                                   
  **Fruits (pieces/day)**                                                     42   1.97                     (1.16)    48                     2.07     (1.33)
  **Processed meats (servings/day)**                                          42   1.48                     (0.86)    48                     1.45     (0.90)
  **Fish (servings/day)**                                                     42   0.62                     (0.39)    48                     0.65     (0.49)
  **Vegetables (servings/day)**                                               42   1.93                     (1.59)    48                     1.67     (1.35)
  **Legumes/Pulses (servings/day)**                                           42   0.24                     (0.15)    48                     0.21     (0.19)
  **Superfluous foods (servings/day)**                                        42   3.42                     (2.65)    48                     3.64     (2.75)
  **Sugar-sweetened juices and soft drinks (servings/day)**                   42   1.12                     (1.81)    48                     0.69     0.62)

BMI, body mass index (weight (kg)/height (m)^2^); BMIsd, body mass index standard deviation; MVPA, moderate and vigorous physical activities; LPA, light physical activities; SED, sedentary behaviours.

Data shown are mean (SD)

^a^ BMIsd according to LMS method

^b^ % calculated from daily time recorded

To evaluate the impact on quantitative parameters after 8 months of intervention in both groups, the change from basal values was calculated and significant differences between groups were determined using the Student *t* test (Analogous test from interaction of two repeated measures: ANOVA) for independent samples (Tables [2](#pone.0144502.t002){ref-type="table"} and [3](#pone.0144502.t003){ref-type="table"}). Absolute effect was estimated using the difference in means between groups for the observed changes and the 95% confidence interval (95%CI) for normal approximation. Standardized effect size (SES) was computed as the mean difference between the intervention and control group divided by the standard deviation of the control measurement. Interpretation effect sizes: Values 0.2--0.5 represent small changes, 0.5--0.8 moderate changes, and \>0.8 large changes. Furthermore, percentage increase over baseline was calculated (Δ%).

10.1371/journal.pone.0144502.t002

###### Pre-post Intervention Differences in Main Outcomes between Nereu Program (NP) and Counselling Group (CG).

![](pone.0144502.t002){#pone.0144502.t002g}

  Outcome                                                                     Nereu Program (n = 54)   Counselling (n = 59)   Differences between groups                                                                
  --------------------------------------------------------------------------- ------------------------ ---------------------- ---------------------------- ------- -------- -------- ------- ---------------- --------- ------
  **Anthropometric measurements**                                                                                                                                                                                       
  **BMIsd** [^a^](#t002fn003){ref-type="table-fn"}                            -0.12                    (0.22)                 -4.94                        -0.09   (0.23)   -3.61    -0.03   (-0.12--0.05)    0.415     0.15
  **WHtR (unit)**                                                             0.00                     (0.03)                 -0.77                        -0.01   (0.06)   -1.20    0.00    (-0.02--0.02)    0.792     0.04
  **WC (cm)**                                                                 0.98                     (3.89)                 1.14                         0.80    (8.46)   0.96     0.18    (-2.31--2.67)    0.888     0.02
  **Active and sedentary behaviour** [^b^](#t002fn004){ref-type="table-fn"}                                                                                                                                             
  **SED (% awake time/day)** [^b^](#t002fn004){ref-type="table-fn"}           -2.52                    (6.55)                 -7.00                        0.97    (3.70)   2.85     -3.49   (-5.45--−1.53)   0.001     0.94
  **LPA (% awake time/day)** [^b^](#t002fn004){ref-type="table-fn"}           -3.76                    (5.93)                 -7.40                        -0.37   (3.16)   -0.73    -3.39   (-5.14--−1.64)   \<0.001   1.07
  **MVPA(% awake time/day)** [^b^](#t002fn004){ref-type="table-fn"}           6.27                     (7.78)                 47.64                        -0.61   (2.76)   -4.31    6.88    (4.74--9.02)     \<0.001   2.50
  **Eating habits**                                                                                                                                                                                                     
  **Fruits (servings/day)**                                                   0.62                     (1.36)                 31.51                        0.13    (0.95)   6.05     0.50    (0.05--0.94)     0.026     0.52
  **Processed meats (servings/day)**                                          -0.79                    (0.94)                 -53.23                       -0.53   (0.79)   -36.68   -0.26   (-0.58--0.07)    0.118     0.32
  **Fish (servings/day)**                                                     0.06                     (0.30)                 9.08                         -0.01   (0.42)   -1.62    0.07    (-0.07--0.20)    0.336     0.16
  **Vegetables (servings/day)**                                               0.40                     (2.05)                 20.86                        0.13    (0.78)   7.83     0.27    (-0.32--0.86)    0.346     0.35
  **Legumes/Pulses (servings/day)**                                           0.01                     (0.12)                 6.10                         0.00    (0.13)   -2.18    0.02    (-0.03--0.07)    0.425     0.15
  **Superfluous foods (servings/day)**                                        -0.92                    (2.19)                 -26.94                       -1.00   (2.51)   -27.35   0.07    (-0.81--0.96)    0.868     0.03
  **Sugar-sweetened juices/soft drinks (servings/day)**                       -0.26                    (0.75)                 -23.31                       -0.02   (0.52)   -3.17    -0.24   (-0.48--0.00)    0.049     0.46

BMIsd, body mass index standard deviation; MVPA, moderate and vigorous physical activities; LPA, light physical activities; SED, sedentary activities.

Data are means (SD), difference, and 95%CI

^a^ BMI (sd) according to LMS method

^b^ % calculated from daily time recorded

sd: Standard deviation

SES: Standardized effect size was computed as the mean difference between intervention and control group divided by the standard deviation of the control measurement.

Interpretation effect sizes: Values 0.2--0.5 represent small changes, 0.5--0.8 moderate changes and \>0.8 large changes.

Δ: Increase over baseline

10.1371/journal.pone.0144502.t003

###### Differences in Outcomes Between Nereu Program (NP) and Counselling Group (CG) by Sex and Age.

![](pone.0144502.t003){#pone.0144502.t003g}

                                                                                                     Nereu Group   Counselling Group   Differences                                                                
  -------------------------------------------------------------------------------------------------- ------------- ------------------- ------------- ------- -------- ------- -------- ---------------- --------- ------
  **Active and sedentary behaviours** [^a^](#t003fn003){ref-type="table-fn"} **, Boys**                                                                                                                           
  SED (% awake time/day)                                                                             -3.25         (7.39)              -8.91         -0.02   (3.45)   -0.06   -3.232   (-6.37--−0.10)   0.044     0.94
  LPA (% awake time/day)                                                                             -4.50         (5.87)              -9.03         0.38    (3.26)   0.75    -4.873   (-7.43--−2.31)   \<0.001   1.49
  MVPA (% awake time/day)                                                                            7.74          (10.02)             56.65         -0.37   (2.90)   -2.45   8.110    (4.04--12.18)    \<0.001   2.80
  **Active and sedentary behaviours** [^a^](#t003fn003){ref-type="table-fn"} **, Girls**                                                                                                                          
  SED (% awake time/day)                                                                             -1.78         (5.63)              -5.04         2.24    (3.69)   6.70    -4.020   (-6.65--−1.39)   0.003     1.09
  LPA (% awake time/day)                                                                             -3.03         (6.01)              -5.83         -1.33   (2.80)   -2.48   -1.703   (-4.30--0.89)    0.191     0.61
  MVPA (% awake time/day)                                                                            4.81          (4.31)              37.96         -0.91   (2.59)   -7.10   5.720    (3.76--7.68)     \<0.001   2.21
  [**By Age Group**]{.ul}                                                                                                                                                                                         
  **Active and sedentary behaviours** [^**a**^](#t003fn003){ref-type="table-fn"} **, Pre-puberty**                                                                                                                
  SED (% awake time/day)                                                                             -1.08         (4.14)              -4.56         0.73    (3.92)   2.93    -1.81    (-4.52--0.89)    0.183     0.46
  LPA (% awake time/day)                                                                             -5.78         (5.00)              -9.65         -0.08   (3.41)   -0.13   -5.70    (-8.51--−2.89)   \<0.001   1.67
  MVPA (% awake time/day)                                                                            6.86          (5.55)              41.59         -0.65   (2.72)   -3.75   7.51     (4.36--10.66)    \<0.001   2.76
  **Active and sedentary behaviours** [^**a**^](#t003fn003){ref-type="table-fn"} **, Puberty**                                                                                                                    
  SED (% awake time/day)                                                                             -3.12         (7.29)              -7.57         1.11    (3.62)   2.86    -4.23    (-6.88--−1.58)   0.002     1.17
  LPA (% awake time/day)                                                                             -2.92         (6.15)              -6.21         -0.54   (3.04)   -1.11   -2.38    (-4.61--−0.15)   0.036     0.78
  MVPA (% awake time/day)                                                                            6.03          (8.60)              51.35         -0.58   (2.81)   -4.66   6.61     (3.66--9.57)     \<0.001   2.35

BMIsd, body mass index standard deviation; SED, sedentary activities; LPA, light physical activities; MVPA, moderate and vigorous physical activities.

Data are means (SD)

^a^ % calculated from daily time recorded

Data are means (SD), difference, and 95%CI

SES: Standardized effect size was computed as the mean difference between intervention and control group divided by the standard deviation of the control measurement.

Interpretation effect sizes: Values 0.2--0.5 represent small changes, 0.5--0.8 moderate changes and \>0.8 large changes

Δ: Increase over baseline

Linear correlation between the number of sessions attended (program adherence) and changes produced in the NP group compared to CG participants was assessed for statistical significance using the Pearson correlation coefficient. Analysis of subgroups by sex and age was used to determine sensitivity and evaluate possible interactions between the effects analysed.

All analyses were carried out using the SPSS statistical packages v. 18 (SPSS Corp). The level of significance was set at *p*=.05.

Results {#sec021}
=======

The present study included 113 boys and girls and their respective families ([Fig 1](#pone.0144502.g001){ref-type="fig"}), randomized into two study groups, 54 in the NP group and 59 in the CG. No significant basal differences were observed between the two groups in age (mean 10.1±1.98 vs. 9.73±1.97years), pubertal stage (Tanner 1 83.3% vs. 82.1%), or sex (50% boys vs. 44.1% girls), respectively ([Table 1](#pone.0144502.t001){ref-type="table"}). Longitudinal analysis of the mean changes observed in the major parameters after completing the intervention is shown in [Table 2](#pone.0144502.t002){ref-type="table"}. Post-intervention change in BMIsd was -0.12 in the NP group and -0.09 in the CG, with no significant difference between the two groups.

At the end of the intervention, the NP group reduced both SED and LPA (-2.52% and -3.76%, respectively) and increased the time dedicated to MVPA (+6.27%), significant differences (p\<0.001) compared to the CG, which increased SED and decreased both LPA and MVPA time (+0.97%, -0.37%, and -0.61%, respectively). Notably, the 7.78% increase in MVPA observed in the NP participants represents more than 1 hour/day, bringing the total to 2.85 hours/day of MVPA ([Table 2](#pone.0144502.t002){ref-type="table"}).

With respect to eating habits, after the 8-month intervention the NP participants increased their fruit consumption compared to the CG (+0.62 vs. +0.13 piece/day, p = 0.026), and decreased their intake of processed meats (-0.79 vs. -0.53 servings/day, p = 0.118) and sugar-sweetened juices and soft drinks (-0.26 vs. -0.02 servings/day, p = 0.047), respectively. Both groups reduced their intake of superfluous foods (-0.92 vs. -1.00 servings/day, respectively).

At the beginning of the study, an analysis stratified by sex and age found no differences between any subgroups ([Table 3](#pone.0144502.t003){ref-type="table"}). At the end of the interventions, the differences observed between NP and CG participants in changes in the time dedicated to MVPA and SED were also reflected in all sub-groups except the pre-pubertal age group, where there was no difference between study arms in SED habits (p = 0.183). The post-intervention increase in MVPA was 7.7% for the subgroup of NP boys, and 4.8% for NP girls. Stratified by age, MVPA increased 6.9% for the pre-pubertal NP participants and 6% for the pubertal NP subgroup.

Adherence to the intervention program was similar in both groups, with mean attendance of 51% (46 of 90 sessions) for the NP group and 47.8% for CG participants (n = 4 of 8 sessions). In the NP group, there was a direct correlation between adherence (number of sessions attended) and reduction in anthropometric parameters (BMIsd, r = 0.547, p\<0.001; WHtR, r = 0.373, p = 0.014; and WC, r = 0.359, p = 0.018). In all subgroups by sex and age, adherence to program attendance was similar in both study groups.

Discussion {#sec022}
==========

The aim of this study was to evaluate the effectiveness of the Nereu Program as an intensive, family-based, multi-component behavioural intervention in achieving recommended anthropometric parameters and physical activity, sedentary behaviour and dietary intake goals, compared to a standard counselling intervention. After the 8-month intervention, the NP group had improved activity habits (SED, LPA, and MVPA), especially notable in their increase in MVPA to more than 2.5 hours daily. Improvements were also achieved in eating habits, with more than half an additional serving of fruit per day and a one-third decrease in daily servings of sugar-sweetened juices and soft drinks. In both groups, improved anthropometric parameters were observed; however, participants in the NP group who attended the most sessions achieved the greatest reduction in BMIsd, WC, and WHtR.

In the present study, there was high adherence to attending intervention sessions in both groups. This is a very encouraging result, given that the NP intervention consisted of 90 sessions and both interventions covered an 8-month period. Low adherence is typically one of the major limitations of health care interventions \[[@pone.0144502.ref008],[@pone.0144502.ref034]\]. In addition, greater adherence in terms of number of sessions attended was correlated with greater anthropometric improvement in the NP group.

In a meta-analysis by Waters et al. of 37 interventions \[[@pone.0144502.ref005]\], the mean change in BMIsd after the intervention was -0.15 (p = 0.01). The Oslo Adiposity Intervention Study showed a decline of 0.13 in BMIsd \[[@pone.0144502.ref035]\], similar to that observed in both the NP and CG participants in the present study. These are encouraging results because this represents a beneficial change in paediatric health. Small reductions in BMIsd have been related with metabolic improvements and lower insulin resistance \[[@pone.0144502.ref035],[@pone.0144502.ref036]\].

The increase in time spent daily in MVPA and the decrease in SED time after participation in the NP intervention are very encouraging results. These improvements represent an increase in MVPA to more than 2.5 hours daily, surpassing the recommended minimum of 1 hour/day \[[@pone.0144502.ref024]\]. After the intervention, NP participants spent 3.7 hours/day in SED behaviours, close to the 3.61 hours/day observed in children aged 9--10 years participating in the European Youth Heart Study (EYHS) and less than the 5.59 hours/day recorded by adolescents (14--15 years old) \[[@pone.0144502.ref037]\], reflecting observation made by other researchers that as children grow up, they become more sedentary and spend less time in MVPA \[[@pone.0144502.ref037]--[@pone.0144502.ref039]\].

Physical activity is a crucial component of treatment for childhood obesity, due both to the benefits of regular exercise for weight reduction and to the general health improvements that have been reported \[[@pone.0144502.ref040],[@pone.0144502.ref041]\]. Comparing the present results with previous studies, 45% of interventions designed to prevent childhood obesity obtain increases in physical activity; in contrast, the rate of effectiveness decreases to 23.5% for treatment interventions \[[@pone.0144502.ref008]\]. Improvements in active and sedentary habits in the NP group occurred homogeneously across subgroups of sex and age. This is an important outcome because it is known that sports participation decreases with age and that boys tend to be more physically active than girls \[[@pone.0144502.ref038],[@pone.0144502.ref039]\]. These findings suggest that the NP intervention was a beneficial program for both boys and girls of all ages (6 to 12 years).

The highlight among the improvements in eating habits was the increased consumption of fruits in the NP group, reaching nearly 3 daily servings; this nutritional intake is considered ideal \[[@pone.0144502.ref042],[@pone.0144502.ref043]\]. According to Lock et al. \[[@pone.0144502.ref044]\], 31% of cardiovascular disease cases are due to low consumption of fruits and vegetables; therefore, healthy eating habits have a significant long-term impact on cardiovascular health \[[@pone.0144502.ref044]\]. The improved fruit intake in the NP group exceeded the level recorded for Spain in the European Health Survey, in which about 38% of the total population reported eating two or more pieces of fruit daily \[[@pone.0144502.ref043]\] and 14% of children ate the recommended 3 daily \[[@pone.0144502.ref042],[@pone.0144502.ref043]\]. We must also emphasize the large decline in superfluous foods consumed, such as cakes or industrially produced pastries. This is due in great part to the replacement of these products with fruit for dessert. The results also showed that NP participants reduced the consumption of processed meats with high lipid content. This is very encouraging and highly beneficial because eating these products increases cholesterol and changes the population lipid profile, causing a greater long-term risk of arteriosclerosis, angina pectoris, or cerebrovascular accidents \[[@pone.0144502.ref045]\]. These products are also laden with sodium, a cause of hypertension and increased blood pressure \[[@pone.0144502.ref046]\]. Another favourable outcome, considering current trends, was the decreased consumption of sugar-sweetened juices and soft drinks. Consumption of these beverages is increasingly prevalent in our setting, representing about 8% of daily calorie intake in the general population's eating habits \[[@pone.0144502.ref047]\].In addition, the habit of drinking canned beverages such as colas has been associated with increased bone demineralization because of the high phosphorous content, which can lead to osteoporosis in the long term. Both soft drinks and industrially produced juices contain excessive amounts of simple sugars, which can lead to type II diabetes, overweight, obesity, and other cardiovascular diseases \[[@pone.0144502.ref048]\].

In the short-term results, the NP intervention proved useful in changing physical activity and sedentary behaviours and improving eating habits, but no significant differences in anthropometric parameters were observed between the study arms. Therefore, we must wait to see if these newly acquired habits are maintained and have long-term anthropometric effects. It will be important to evaluate the mid- and long-term status of these changes.

Limitations {#sec023}
===========

The present study has several limitations that must be considered. Despite high program adherence, the rate of losses and missing values affected the effect size, depending on the parameter, which limited the statistical power to detect differences between groups in the changes observed. Nonetheless, the losses were balanced between the study arms, eliminating the threat of differential bias. The FFQ has certain limitations, even though it was completed jointly by parents and their children to improve accuracy. There are, of course, occasions when parents are unaware of what their children eat outside of the home, such as school lunches or meals eaten at a grandparent's house. Even with the child's participation, it is sometimes difficult to reflect food intake with precision. It is important to point out, however, that the FFQ was administered by expert interviewers using food models to improve the reliability of the results and also that this limitation would be equally present in both study arms.

Conclusions {#sec024}
===========

After completing the NP intervention, an intensive, family-based, multi-component, behavioural intervention delivered within a universal primary health care program, significant improvements were observed in activity and eating habits of participating children, compared to the CG intervention. There was an increase in time dedicated to MVPA and a reduction in SED time. Fruit consumption increased more than half a piece per day and daily servings of sugar-sweetened juices and soft drinks decreased by nearly one third of a daily serving. Despite these encouraging short-term results, it remains to be seen if the observed improvements persist at mid-term and long-term follow-up.
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